Wereport a case of Klinefelter's syndrome in a 48-yearold man who had diabetes mellitus associated with severe insulin resistance. Wediagnosed him with Klinefelter's syndrome from his atrophic testicles, primary hypogonadism in hormonal examination, and a chromosomalaberration of 47,XXY. He showed severe decreased insulin sensitivity in a hyper-insulinemic euglycemic clamp test. He had injected over 100 units of insulin per day, however, testosterone replacement and administration of pioglitazone improved his glycemic control, which resulted in a decrease of insulin dose to less than 50 units per day. Here, we discuss the characteristics of diabetes mellitus associated with Klinefelter's syndrome in Japanese patients including this case. (Internal Medicine 41: 842-847, 2002) 
Introduction
In aberrations of the sex chromosomes, the 47, XXYkaryotype is found in patients with Klinefelter's syndrome who are phenotypic males and have testicular dysgenesis, gynecomastia and infertility (1, 2) . It was reported that patients with Klinefelter's syndrome tended to have diabetes mellitus or autoimmune diseases (3) (4) (5) . It has not been clarified why diabetes mellitus develops in patients with Klinefelter's syndrome, and what the characteristics of diabetes in the syndrome are. Wereport a case with Klinefelter's syndromewhohad diabetes mellitus associated with severe insulin resistance, and discuss Japanese cases of Klinefelter's syndrome with diabetes mellitus.
Case Report
A 48-year-old man had history of type 2 diabetes for more than 18 years and required insulin therapy from 42 years old.
Since then, he self-injected over 60 units of insulin everyday, while his blood glucose levels were uncontrolled. At 45 years old, he suffered arthralgia in several joints and was diagnosed with rheumatoid arthritis. Although he was treated with disease modified antirheumatic drugs (DMARDs), non-steroidal anti-inflammatory drugs (NSAIDs), and glucocorticoid, his rheumatic symptomsof arthralgia and joint swelling gradually worsened. Simultaneously, his blood glucose levels were not controlled despite injection of over 100 units of insulin every day. Hewas admitted to a hospital for management of his rheumatoid arthritis and diabetic control in January 2001 , however, his symptoms and blood glucose control did not improve. Therefore, he was transferred to our department in May2001. The patient was single and had not been married. His paternal cousin and paternal uncle had diabetes mellitus. He had normal intelligence, and was mildly obese (height, 163 cm; weight, 66.4 kg; BMI, 25.5 kg/m2). He had also moon face and gynecomastia (Fig. 1) . His blood pressure was normal (138/70 mmHg while sitting). His body hair was thin and his pubic hair was female-like. His penis was slightly small, and both testicles were markedly atrophic (each volumewas approximately 2 ml), which he had recognized since 20 years of age. There was tenderness in his elbows and knees, and rheumatoid nodules were recognized at both forearms. Pateral tendon reflex and vibration sense in his foot were decreased due to diabetic neuropathy. His fundus occuli showed the class B2 of diabetic retinopathy in Fukuda's classification. His laboratory examinations are shown in Table 1 . ESRwas increased. Hematological examinations revealed mild anemia and leukocytosis. Blood chemistry examinations showed normal liver functions and normal plasma lipid profiles on medication of statin. Fasting plasma glucose was as high as 200 mg/dl and HbAlc was 9.7%. Urinary C-peptide reactivity (CPR) was 9.8 jig/day, extremely low. Serological examina- tions showed high C-reactive protein (CRP), a strongly positive RAtest, and positive antinuclear factor (ANF). Antiglutamic acid decarboxylase (GAD)antibody and anti-islet cell antibody were negative. In hormonal examinations (Table 2) , both leuteinizing hormone (LH) and follicule stimulating hormone(FSH) levels were high, while the testosterone level was very low. Dehydroepiandrosterone sulfate (DHEA-S) and estradiol levels were also decreased. LHreleasing hormone (LH-RH) loading test showed high baseline levels and a normal response of LHand FSH, however, the testosterone response was low in the human chorionic gonadotropin (hCG) loading test. These hormonal findings revealed that he had primary hypogonadism. His lumbar bone mineral density was slightly low at 0.878 g/cm2. His chromosome analysis revealed an aberration of 47,XXY. Klinefelter's syndrome was diagnosed from his physical characteristics, hormonal findings and his chromosomal aberration.
Clinical course (Fig. 2) After admission, we studied his insulin sensitivity using the glucose clamp test (high insulinemic normal glycemic clamp study Amongthose cases, 61 patients (6.8%) were described as having diabetes mellitus ( is higher than that in the normal population, which may in part arise from the complication of diabetes (32) . The frequency of diabetes mellitus in patients with Klinefelter's syndrome has been reported as 15%-50% in Western countries (3, 33, 34) , while, in Japan it was lower at 3.9%-4.1% (6, 7). Sagara et al suggested that the low prevalence of diabetes in Japanese with Klinefelter's syndrome might be caused by insufficient examinations for glucose tolerance (6). The present patient had severe diabetes with diabetic retinopathy, nephropathy and neuropathy upon admission to our department. His diabetes was characterized by the simultaneous existence of insufficient insulin secretion and severe insulin resistance. His insulin deficiency did not improve after glycemic control, suggesting that the deficiency was not simply due to glucose toxicity. His diabetes was not slowly progressive insulin-dependent diabetes mellitus (SPIDDM)because of his clinical course. His blood glucose levels gradually decreased after testosterone replacement and administration of pioglitazone. Four months after testosterone replacement, facial hair appeared and his gynecomastia tended to be improved.
At that time, his diabetic control was still getting better and the insulin dose required was decreased from more than 100 units to 50 units per day. This suggested that not only pioglitazone but also testosterone replacement contributed to his improved glycemic control. Prednisolone administered for rheumatoid arthritis might, in part, have influenced his insulin resistance. However, his glycemic control was better despite the increase in prednisolone dose, suggesting that prednisolone was not the main cause of his insulin resistance. His control for rheumatoid arthritis was insufficient and inflammatory reactions such as CRP did not change compared with those immediately before testosterone replacement therapy. The pathogenesis of development of diabetes mellitus in Klinefelter's syndrome has been suggested to be genetic factors, autoimmunemechanismsor endocrinal abnormalities. The type and severity of diabetes in the syndrome is not identical, therefore, multiple factors may be involved in the diabetic development. Insulin resistance may be an important characteristic of diabetes in this syndrome. Obesity, which is one symptom of this syndrome, may be involved in the insulin resistance. In addition, Breyer et al showed that insulin binding to erythrocytes was decreased in non-diabetic patients with the syndrome (35) . Jackson et al suggested that sex chromosome aberrations alone caused abnormalities in the glucose metabolism because of the existence of some enzymegene related to the glucose metabolism (36) . Tada and Hayashi also reported an involvement of glucose-6-phosphate dehydrogenase whose gene was in the chromosome, in the glucose metabolic dysfunction (8). Some Klinefelter's syndrome patients with diabetes revealed positive islet cell surface antibody and a clinical course of SPIDDM(9), and autoimmune diseases such as systemic lupus erythematodes were reported to frequently accompany Klinefelter's syndrome (5, 10, 37) . Therefore, an autoimmunemechanism may be involved in the development of diabetes in the syndrome. It was reported that testosterone replacement did not improve the glycemic control, which did not support an endocrinological mechanismfor the development of diabetes in the syndrome. Onthe other hand, Pei et al reported that insulin resistance wasconsistently noted in patients with the syndromeand the plasmatestosterone concentration was inversely related to insulin resistance (38) . Testosterone deficiency may directly or indirectly be involved in the abnormality of glucose metabolism in Klinefelter's syndrome. Studies in Western countries reported that diabetes conditions in patients with Klinefelter's syndromewere usually mild, and showed a hyperinsulinemic hyperglycemic pattern, and that their relatives also frequently had diabetes mellitus (3). In Japanese patients with Klinefelter's syndrome, the frequencies of normal body weight, decreased secretion of insulin and the necessity for insulin therapy are high as compared with those in Western countries, and in addition, there are frequent insulin resistances.
In conclusion, wereported a case of Klinefelter's syndrome with diabetes mellitus, which was associated with severe insu- lin resistance, and we discussed the relation between the syndrome and diabetes mellitus reported in the literature. The present case showedcharacteristics of the simultaneous existence of insulin deficiency and resistance, and suggested that his insulin resistance was partially associated with testosterone deficiency. 
